1. INTRODUCTION {#sec1}
===============

Myocarditis is a life-threatening inflammatory heart disease characterized by myocardial inflammation, cardiac muscle cellular edema, necrosis and fibrosis in myocardial interstitium \[[@r1], [@r2]\], and disease progression and clinical symptoms are exceedingly variable. It has the potential to mimic acute myocardial infarction when the patient has various clinical symptoms of chest pain, microcirculatory disturbance, ischemia-like electrocardiographic abnormities, biochemical marker abnormities, and left ventricular dysfunction at clinical presentation \[[@r3]\]. Prospective postmortem data have latterly implicated myocarditis as a trigger for sudden cardiac death in up to 12% of young adults and as the causative etiology in approximately 9% of dilated cardiomyopathy \[[@r4], [@r5]\]. The various infections, systemic diseases, drugs and toxins have been associated with this disease \[[@r6]\]. Viruses are currently considered as the most frequent trigger of myocarditis in Europe and America. Initially, coxsackieviruses were deemed to be the most shared trigger for myocarditis due to the high antibody titres detected in patients during acute and subacute myocarditis. Afterwards, adenoviruses, was likewise identified with endomyocardial biopsies of patients with clinically suspected myocarditis \[[@r7]\]. It is paramount to note that the natural course of myocarditis varies, as do clinical presentation, aetiology, prognosis as well as positive and negative remodeling. As a noninvasive and comprehensive cardiac imaging technique, cardiac magnetic resonance imaging (CMRI), immense potential to identify prognostic factors in remodelling, plays an essential role in the diagnosis and follow-up of myocardial diseases, especially for the simultaneous assessment of cardiovascular anatomy, tissue characterization and cardiac functional analysis in a population of patients with myocarditis \[[@r8]\]. Late Gadolinium Enhancement (LGE) - MRI, recognized as the standard of reference for assessment of myocardial viability and interstitial fibrosis of myocardium, is performed 10 minutes subsequent to injecting gadolinium-based MRI contrast media, which might provide crucial prognostic information on myocarditis and nonischemic cardiomyopathy \[[@r9]\]. Moreover, cardiac cine MRI obtains functional parameters of left ventricular structure such as Left Ventricular Ejection Fraction (LVEF), Fraction Shortening (FS), Left Ventricular End-diastolic Dimension (LVEDD), Left Ventricular End-diastolic Volume (LVEDV), Left Ventricular End-systolic Volume (LVESV), Left Ventricular Myocardial Mass (LVMM), Left Ventricular Stroke Volume (LVSV), Cardiac Output (CO), and Cardiac Index (CI). Cardiac cine MRI, with higher specificity for the detection of left ventricular aneurysm and thrombus, allows increasingly accurate measurement of chamber volumes and ventricular function than echocardiography \[[@r10]\], although echocardiography is the most widely available imaging method at present \[[@r11]\]. The aim at this research was to evaluate the presence of positive and negative remodeling and identify prognostic factors capable of predicting improvement or progression to cardiac function, associated with various clinical presentations and follow-up data in patients with clinically suspected myocarditis subjected to cardiac biopsy.

2. MATERIALS AND METHODS {#sec2}
========================

Between September 2015 and October 2017, we examined 94 consecutive patients with suspected myocarditis in accordance with a combination of clinical signs and symptoms, including chest pain, exhaustion, sweaty and palpitations, as well as 24-hour dynamic electrocardiographic abnormities and serum myocardial damage markers abnormalities, coupled with a history compatible with inflammatory disease, such as sore throat, cough, expectoration, vomiting and diarrhea. On admission, patients with acute coronary-like syndrome were assessed with coronary angiography performed as urgent proceedings, while in all other cases, as optional proceedings. Thirty-two patients were excluded due to coronary artery stenoses \>50% at coronary angiography before the biopsy. The research samples consist of sixty-two patients (38 males, 24 females; mean age, 32 years; age range, 14-69 years). All selected patients underwent cardiac catheterisation with cardiac biopsy and MRI with gadolinium, which is a sort of paramagnetic contrast agent. Ultimately, all cases were followed up with LGE-MRI and cardiac cine MRI after 3 months.

3. CARDIAC MAGNETIC RESONANCE IMAGING {#sec3}
=====================================

The CMRI examination, performed with a whole-body clinical 3.0T MRI system (Philips Achieva TX), was equipped with high-performance gradients. Images were acquired in the four-chamber and two-chamber long-axis views with cine-MRI steady-state free precession sequences and in the short axis plane with black-blood fast spin echo sequences, with double inversion recovery for suppression of the blood signal and an additional inversion recovery pulse for suppression of the fat signal to demonstrate the presence of feasible areas of high signal intensity given rise by oedema. Then a pile of continuous short-axis sections was acquired with cine-MRI sequences to assess regional and global biventricular function kinetics. Subsequent to perfusion imaging, an additional dose of 0.1 mmol/kg of gadolinium-DPTA was administered at a rate of 2.0 ml/s. LGE-MRI images were acquired after 10 minutes with breath-holding for each stack in the utilisation of an IR-prepared and segmented GRE sequence. These quintessential settings were as following: a pile of 8 contiguous slices in the short-axis view with the orientations identical to perfusion imaging, a slice thickness of 10 mm in the absence of an intersection gap, a TR/TE of 6.1/3.0 ms, an FOV of 320 mm, a matrix of 192 × 160 and a flip angle of 25°. Qualitative regional wall motion analysis was performed according to the American Heart Association (AHA) segmental model for 16 segments in short-axis orientation \[[@r12]\]. The outline of endocardial and epicardial contours was delineated in the short-axis planes of the cine-MRI images, for calculating regional contractile function and biventricular global systolic function of left ventricle. All the diagnoses are strictly with reference to Lake Louise Consensus Criteria proposed by the American Journal of Cardiology in 2009 as following \[[@r13]\]:

\(A\) In the setting of clinically suspected myocarditis, CMR findings are consistent with myocardial inflammation, if at least 2 of the following criteria are present: (a) Regional or global myocardial SI increase in T2-weighted images; (b) Increased global myocardial early gadolinium enhancement ratio between myocardium and skeletal muscle in gadolinium-enhanced T1-weighted images; (c) There is at least 1 focal lesion with nonischemic regional distribution in inversion recovery-prepared gadolinium-enhanced T1-weighted images (LGE).

\(B\) A CMR study is consistent with myocyte injury and/or scar caused by myocardial inflammation if Criterion (c) above is present.

\(C\) A repeat CMR study between 1 and 2 weeks after the initial CMR study is recommended if (a) None of the criteria are present, but the onset of symptoms has been very recent and there is strong clinical evidence for myocardial inflammation; (b) One of the criteria is present.

4. ENDOMYOCARDIAL BIOPSY, HISTOLOGY AND IMMUNOHISTOCHEMISTRY {#sec4}
============================================================

All invasive operations were carried out after the patient's informed consent. All patients underwent cardiac catheterisation, coronary angiography and myocardial biopsy. The biopsies, 4 to 5 for each ventricle, were obtained in the apical-septal region. Three-fourths of specimens were frozen for molecular studies, while the remaining specimens were fixed with formalin and paraffin. Five to 6 endomyocardial specimens, stained with haematoxylin and eosin, Miller's elastic van Gieson stain and Masson's trichrome, were obtained from each patient for histological and immunohistochemical examination and observed under light microscope. Specific stains, such as Ziehl-Nielsen and Giemsa, were also used in the event of intracellular inclusions. The Dallas criteria for histological diagnosis of myocarditis were applied. All specimens were studied by immunohistochemistry for characterization of myocardial inflammatory infiltrates.

5. STATISTICAL ANALYSIS {#sec5}
=======================

Statistical analysis was done with the software package SPSS 17.0 for Windows. All quantitative results are expressed in the text, figures and tables. Logarithmic transformation was used for the post hoc test for the linear trend at univariate analysis of variance. Nonparametric test applied for unpaired data (Mann-Whitney U test for comparison of two groups and Kruskal-Wallis test for comparison of more than two). Bonferroni correction applied to the Mann-Whitney U test when comparing different groups.

6. RESULTS {#sec6}
==========

6.1. Clinical Presentations {#sec6.1}
---------------------------

Distribution of patients across the two principal patterns of clinical presentation was the following: 39 (62.9%) patients with symptoms of heart failure such as chest pain, exhaustion, sweaty and palpitations associated with abnormal marker of myocardial injury; 23 (37.1%) patients with arrhythmias including 34.8% tachycardia sinusale, 21.7% atrial fibrillation, 13.0% ventricular tachycardia, 13.0% continuous sinus tachycardia, 8.7% ventricular premature contraction and 8.7% supraventricular premature beat.

6.2. Histopathological Examinations {#sec6.2}
-----------------------------------

The pathological examinations including endomyocardial biopsy, histology and immunohistochemistry confirmed the presence of active myocarditis of all patients. The causative agent was detected exactly in 21 patients.

6.3. Cardiac Cine MRI and LGE-MRI {#sec6.3}
---------------------------------

Patients were followed up subsequent to 3 months by clinical evaluation of cardiac cine MRI. They were divided in the light of the delta LVEF (increased compared with baseline value, cutoff 15%), while delta end-systolic volume LVESV (decreased compared with baseline, cutoff 20%), which intended as a reflection of positive remodeling \[[@r14]\]. Then we detected that those included in the positive-remodelling group had reduced thickness of the lateral and anterior left-ventricular wall, respectively, compared with the negative-remodeling group (lateral 8.9±1.4 mm *vs*. 12.7±2.8 mm; anterior 9.6±1.6 *vs*. 13.9±3.1 mm; p\<0.05). LGE-MRI was observed in subepicardial myocardium in 75.8% (47/62) of patients (Fig. **[1](#F1){ref-type="fig"}**). Analysis of the two subgroups indicated that positive LGE was distinctly statistical difference between the positive-remodelling group and the negative-remodeling group (21/32 *vs*. 13/15; p\<0.05) (Table **[1](#T1){ref-type="table"}**). Comparison of positive-remodelling and negative-remodelling groups in cardiac cine MRI is (Table **[1](#T1){ref-type="table"}**): LVEF (41.3±14.8% *vs*. 37.6±10.1%), FS (25.7±2.0% *vs*. 24.0±2.5%), LVEDD (44.5±3.9mm *vs*. 46.3±5.4mm), LVEDV (129.1±8.5ml *vs*. 135.3±12.2ml), LVESV (74.8±7.3ml *vs*. 79.1±10.0ml), LVMM (52.0±5.7g *vs*. 49.6±6.5g), LVMM (34.9±3.5ml *vs*. 32.4±6.2ml), CO (3.8±0.7L/min *vs*. 3.1±0.5L/min), CI (2.9±0.6L/min\*m^2^ *vs*. 2.7±0.5L/min\*m^2^).

7. DISCUSSION {#sec7}
=============

CMRI is the most valuable imaging modality in the evaluation of left-ventricular remodeling and makes comprehensive evaluation of left-ventricular remodeling, such as establishing diagnosis of left-ventricular remodeling, measuring left-ventricular geometry, establishing aetiology, quantification, identifying prognostic factors, regular follow-up and assessment of treatment response. The latest insights regarding assessment of CMRI patterns of myocardial remodelling have led to more comprehensive imaging acquisition protocols including first-pass and LGE-MRI examinations, as well as cardiac cine MRI for evaluation of regional myocardial contractile function \[[@r15]\]. This research is indicative of a series of clinical presentation. The first point was represented by symptoms of acute infarction-like presentation in the absence of coronary stenoses. The interesting finding was that patients with this presentation did not reveal severely dilated ventricles and have moderate left ventricular dysfunction. Aetiological agent potentially did not affect cardiac myocyte but the vascular endothelial cell, bringing about endothelial dysfunction and exudation of inflammatory cells to the myocardial interstitium with consequent damage to the myocyte. Afterwards, focal distribution of the inflammatory process probably accounts for a fact that left ventricular function is not severely damaged. Yet the generalizability of much published research on this issue is problematic \[[@r16]\]. Patients invariably show palpable left ventricular remodeling at the onset and possess underdeveloped recovery. Recent evidence suggests that virus-specific immune response has the potential to explain the increasingly severe left ventricular remodeling, and the activity mediated by natural killer cells also plays a pivotal role \[[@r17]\]. Another finding was that patients presenting with symptoms of heart failure manifest an improvement in LVEF, which distinctly differed from the clinical manifestations of myocardial infarction \[[@r18]\]. Dornier *et al*. \[[@r19]\] found that an overestimation of approximately 2ml was observed for both LVEDV and LVESV with tagged CMRI and the difference between LVEF obtained by tagged CMRI and standard cine CMRI was approximately 1%, which is explained by the overestimation of both LVEDV. Progressive ventricular dilatation after cardiomyocyte necrosis is part of a complex cardiac remodeling process involving changes in mass, shape and volume \[[@r20]\]. Limited left ventricular dilatation is compensatory and can help to retain cardiac function. Further dilatation would yet bring about severe left ventricular dysfunction and heart failure. Patients with distinct left ventricular remodeling have worse prognosis than patients with insidious changes \[[@r21]\] and even insidious reductions in adverse left ventricular remodeling can reduce the risk of progression to heart failure after cardiomyocyte necrosis in myocarditis \[[@r22], [@r23]\]. Miller *et al*. \[[@r24]\] demonstrated that LVESV and LVEF are affected mainly by changes in temporal resolution, rather than by changes in spatial resolution and indicated that temporal resolution of 45ms can be deemed enough in patients with normal heart rates unless maximum ejection and filling rates are of interest. LVEF is the most commonly used method for measuring cardiac function based on its clinical importance, and reflects a combination of cardiac dilatation and myocardial systolic function, making it more challenging to explain than the simpler mathematical measurement of left ventricular enlargement over time to quantify positive-remodeling and negative-remodeling (Fig. **[2](#F2){ref-type="fig"}**).

Previous studies have reported that areas of infarcted or scarred myocardium accumulate and retain gadolinium-based contrast material for approximately 10 minutes after the agent is administered \[[@r25], [@r26]\]. LGE-MRI was revealed to have significantly better sensitivity, specificity, predictive values, and accuracy than resting thallium-201 single-photon emission computed tomography in the prediction of regional myocardial remodelling \[[@r27]\]. Mahrholdt *et al*. \[[@r28]\] utilized CMRI as a guide to endocardium biopsy, reporting focus on enhancement in 88% of patients with clinically diagnosed myocarditis, with involvement being most common in the lateral wall, and as a predictor for identifying chronic ventricular dysfunction and dilation. Patients with human herpes virus 6/parvovirus B19 myocarditis presented with new onset of heart failure, had segmental LGE, and invariably progressed toward chronic remodeling \[[@r29]\]. The LGE-MRI technique has quickly been found to have potential utility as an essential clinical method of evaluating positive and negative in myocarditis. Blom *et al*. \[[@r30]\] utilized CMRI to demonstrate the benefits of a ventricular constraint device that provided passive mechanical diastolic support to inhibit ventricular remodeling and reduce ventricular wall stress in sheep with myocardial fibrosis. In this study, it is interesting to note that comparing the two subgroups with positive and negative remodeling, we found a significant difference in Statistics of LGE, which was evidently greater in patients with negative remodeling (Table **[1](#T1){ref-type="table"}**). Orn *et al*. \[[@r31]\] demonstrated that scar size determined by LGE-MRI was the strongest independent predictor of LVEF and Left ventricular volumes in patients with acute cardiomyocyte necrosis and signs or symptoms of heart failure. Subacute or chronic left ventricular remodeling is predominantly triggered by myocardial injury of inflammation. Positive LGE may be seen due to fibrosis, likely due to cardiomyocyte degeneration and necrosis and high systolic pressure, as well as decreased myocardial perfusion due to lower aortic pressure, lower diastolic duration and coronary artery diastolic dysfunction \[[@r32]\]. It is most frequently seen in the basal segments, typically in a diffuse epicardial distribution, but occasionally in a mid-myocardial distribution in this study (Fig. **[1](#F1){ref-type="fig"}**). Myocardial interstitial fibrosis would gradually appear in the myocardium, which has the potential to result in permanent structural impair to the left ventricle, even the whole myocardial tissue. In the event that a certain threshold is exceeded, remodeling has the potential to get irreversible. A host of, if not most, studies in the literature have underlined the fundamentality of LGE, reflecting irreversible myocardial damage on a train of pathological changes in myocarditis \[[@r28], [@r33]\].

CONCLUSION
==========

LGE, coupled with process of the clinical presentation and cardiac cine MRI, identifies cardiomyocyte damage and evaluates left ventricular positive and negative remodeling in patients with myocarditis. This study has quite a few limitations: First and foremost, the causative agent was detected in only a small percentage of patients, who are found to have pathologically proved active myocarditis. Furthermore, the follow-up was performed only with MRI to evaluate the positive or negative remodeling. The positive LGE is correlated with left ventricular remodeling, which might also be observed in patients with coronary heart disease or dilated cardiomyopathy. Further studies are accordingly a prerequisite for confirming the different argumentation.
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![(**A**) Short-axis, (**B**) Four-chamber, and (**C**) Long-axis three-dimensional delayed-enhancement T1-weighted multishot gradient-echo IR MR images (6.1/3.0, 25°flip angle) of a diffuse form of positive-remodelling myocarditis in 32-year-old man. Nodular subepicardial LGE (arrows in A and C) of the left-ventricular septum, lateral and inferior wall associated with bandlike or nodular centromyocardial LGE (arrow in B) predominating in the lateral wall of the left ventricle is seen.](CMIR-15-900_F1){#F1}

![(**A**) Left-ventricular global volume-time curve, (**B**) Color-gradation map for left-ventricular regional time of thickness~max~, and (**C**) Color-gradation map for left-ventricular regional wall thickness of negative-remodelling myocarditis in 41-year-old woman. Arrhythmia of left ventricle was indicated in A. The longer time (**B**) or thicker wall (**C**) was displayed in the warmer color, while the shorter and thinner wall was presented as the colder color.](CMIR-15-900_F2){#F2}

###### Comparison of Positive/Negative-remodelling groups in CMRI.

  **-**             **Positive-remodelling**   **Negative-remodelling**   **p value**
  ----------------- -------------------------- -------------------------- -------------
  Positive LGE(%)   65.6                       86.7                       \<0.05
  LVEF(%)           41.3±14.8                  37.6±10.1                  0.62
  FS(%)             25.7±2.0                   24.0±2.5                   0.81
  LVEDD(mm)         44.5±3.9                   46.3±5.4                   0.76
  LVEDV(ml)         129.1±8.5                  135.3±12.2                 0.26
  LVESV(ml)         74.8±7.3                   79.1±10.0                  0.55
  LVMM(g)           52.0±5.7                   49.6±6.5                   0.71
  LVSV(ml)          34.9±3.5                   32.4±6.2                   0.68
  CO(L/min)         3.8±0.7                    3.1±0.5                    0.64
  CI(L/min\*m^2^)   2.9±0.6                    2.7±0.5                    0.79

LVEF, Left Ventricular Ejection Fraction; Fraction Shortening; LVEDD, Left Ventricular End-diastolic Dimension; LVEDV, Left Ventricular End-diastolic Volume; LVESV, Left Ventricular End-systolic Volume; LVMM, Left Ventricular Myocardial Mass; LVSV, Left Ventricular Stroke Volume; CO, Cardiac Output; CI, Cardiac Index.
